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論文内容要約          
Background: The sedimentation or the breaching done by tsunami can disturb the coastal related activities 
like harbor and port operation as well as existed hydrodynamic condition in particular coastal area. To have a 
better reconstruction strategy on the damage coastal stretch, natural recovery of the bathymetry also must be 
known. Furthermore, analysis of the tsunami deposits lead to predict the future tsunami events. Therefore, 
various studies based on numerical models have been used to examine the tsunami influenced bathymetric 
change, though their applicability for the field scale phenomenon is yet to be verified due to scarcity of 
bathymetry data. Even though there are few measured bathymetry data which can represent the pre and post 
tsunami condition, normal wind wave effect on those bathymetric data cannot be neglected. This study will 
forces on analysing the tsunami bathymetric change due to 2004 Indian Ocean tsunami in Kirinda fishery 
harbor, Sri Lanka using a numerical model proposed by Takahashi et al.(2000) while verifying the model 
into field scale application using measured pre (2004 Nov) and post (2005 Feb) tsunami bathymetries. 
Further, this study will evaluate the short term and long term recovery of the tsunami influence bathymetry 
by natural sediment transportation as well as due the human intervention. 
Study Area: Kirinda Fishery harbor is located southern eastern coast of Sri Lanka which is relatively highly 
subjected to a littoral transport. Initially in 1985, harbor layout is consisted with only two breakwaters of 
BW-A and BW-B. Having been exposure to both South West (SW) and North East (NE) monsoons because 
of its position on the southeast coast, sand filling of the harbor entrance and harbor basin was continued. In 
1994 October several modifications were introduced according to proposal by JICA (1989) to solve this sand 
accumulation problem. Those modifications include (i) construction of Groyne in front of the Kirinda point, 
(ii) extension of main breakwater and (iii) construction of Sub-breakwater at the north side of the harbor 
(Laknath and Sasaki, 2010). Unfortunately, even with the harbor modification in 1994, the siltation at the 
harbor mouth was continued. However, until 2004 this siltation problem was remained same and tsunami 
occurred in 2004 Dec has changed the bathymetry completely by eroding the harbor entrance (Laknath and 
Sasaki, 2010). However, by 2009 the siltation problem at the harbor mouth is back to the same situation as 
before the tsunami Because of this continuous siltation problem at the Kirinda harbor periodical bathymetry 
measurements have been performed in order to find a solution. As a result of that we have pre tsunami 
bathymetric data in 2004 November which can rarely be obtained due to unpredictability of the tsunami 
event. Not only that the continuous measurement of Kirinda bathymetry has been done in 2005 Feb, 2005 
Nov and 2006 Feb by Japan International Cooperation Agency (JICA).  
Tsunami Sediment Transport Model: The sediment transport model of Takahashi et al. (2000) coupled 
with tsunami propagation and inundation model, is used in this study. This model calculates both bed load 
and suspended load transport rates and it’s also considered the exchange load rate to balance the rising load 
and the settling load. Hence, this model can gives the transition of the suspended load without assuming the 
equilibrium condition of rising and settling load (Takahashi at el, 2000).  
Bathymetric change due to tsunami: Bathymetric change done by tsunami is analyzed in three different 
ways of total change, spatial change and temporal change. The total change and the spatial change were 
compared with measured data and temporal variation is discussed as the new topic for the tsunami bed level 
change analysis. The tsunami sediment transport model shows that the maximum scour of 4 m at the harbor 
mouth and maximum deposition of 2m near breakwater C. The calculated erosion and deposition volume 
ratio for the Kirinda harbor after the tsunami effect is 0.54, whereas the ratio is 0.52 for the measured data. 
Although this ratio comparison between the measured data and the model results shows a good agreement, 
the model calculated erosion and deposition volumes are 22% and 10% higher than the measured volumes, 
respectively. Hence, further analysis has been done, selecting four transects near the Kirinda Harbor. The 
bed level change comparison of the measured data and the tsunami model results along four different 
transects, gives better correlation of 0.917 for the transect B which represents the harbor mouth than other 
three transects (A, C and D) which are directly open to the sea. By calculating the cumulative erosion and 
deposition with respect to the initial bathymetry at the times when the tsunami wave was at its peak, trough 
and the zero crossing at the point P1, which is located near the harbor entrance, the dynamic variation in the 
sediment movement was identified. However, unavailability of measured bathymetric data during the 
tsunami profile restricts the comparison of modeled bathymetric data against observed value. Until the 
second wave, the bathymetry changes in Kirinda Harbor were shown as being dominated by erosion, 
regardless of the dynamic variation in the bed level during the incoming and return flows, indicating massive 
erosion during the first return flow.  
Wind Wave Sediment Transport Model: It was identified that some local changes that could not be 
achieved by along with tsunami sediment transport model, is due to wind wave effect on the measured 
bathymetry data after the tsunami event. Hence, wind wave induced bathymetry change on tsunami 
influenced bathymetry was calculated for the duration of December 2004 to February 2005, using 3D-
SHORE wind wave sediment transport model (Shimizu et al., 1996) which can calculate nearshore waves, 
near shore currents, local sediment transport rate and spatial beach change and total longshore sediment 
transport rate by integrating local sediment transport rate. The 3D SHORE model was used in this study as it 
its simplistic approach to predict the longshore sediment transport rate and as it’s successfully verified into 
field application in several studies like Shimizu et al.(1996), and Nishihata et al.(2009) and the data 
availability of the study. The bed elevation data taken from the tsunami sediment transport model after 360 
min after the earthquake was used as the initial bathymetry data for the wind wave sediment transport model. 
In other words, this initial bathymetry is already included the tsunami induced bathymetry change in the 
harbor. Therefore, the output of the wind wave sediment transport model will contain both tsunami and wind 
wave effects on Kirinda bathymetry. 
Comparison of measured data and modelled bathymetric change due to both tsunami and wind waves is 
shown in Fig. 1 and it reveals that the model result is able to reproduce the scour at the harbor mouth. 
Furthermore, similar areas show the erosion in both measured and model results while modeled deposition 
areas are coincide with measured data. However, model magnitude in bed level change is lower than the 
measured data. Another important finding is that tsunami-induced maximum scour of 4.5 m at the harbor 
mouth was reduced by 1.5 m deposition due to wind waves, and finally the maximum depth at the mouth 
remained at 3 m due to the combined effect of tsunami and wind waves, and a similar value was also 
recorded in measured data. The calculated correlation coefficients (RT+W
2
) for measured data bathymetric 
change and the modeled bathymetric change due to tsunami and wind waves were compared with the 
correlation coefficient obtained from bathymetric change due to tsunami only (RT
2
). As the correlation 
coefficients for results compared along transects were improved, it can be inferred that the wind wave effect 
on the bathymetry during two months of period was significant. 
Bathymetry Recovery: The short term recovery analysis were done comparing the bathymetry data 
obtained from the tsunami sediment transport model and measured bathymetry data in 2005 Feb. The 
recovery processes has been discussed focusing four transects of A, B, C and D by considering surrounding 
areas of those transects. Bed elevation in 2004 Nov bathymetry is considered as initial bed level and all the 
changes will be referring related to 2004 Nov bathymetry. The calculated net erosion and deposition ratio in 
Figure 1: The comparison of measured data (a) and model results 
[Tsunami only (b) and Tsunami +wind wave(c)] 
(b) (c) (a) 
Area-C from 2004 Dec to 2005 Feb is 0.97.Therefore, it can be inferred that wind waves move sediments 
within the harbor area and sediment budget in considered area is nearly zero. As far as long term recovery is 
concern, seasonal monsoon variation clearly observed in very shallow depths than the deeper depths showing 
that along shore sediment transport is significant than the cross shore sediment transport. Further, Human 
intervention like manual dredging has made a significant influence for the bathymetry recovery. However, 
area which faces to direct influence of waves shows quick recovery than the area influenced by diffracted 
waves. The scour created by the tsunami at the harbor mouth was getting reduced due to direct sea waves 
and diffracted swell waves throughout the year. Even though area near to harbor mouth show some trend to 
recover by 2006 Feb, dredging activities at the harbour mouth has made the area further deepen than before 
the tsunami by 2012. However, the Kirinda bathymetry almost recovers or shows some tendency to recovery 
by one year after the tsunami event.  
Conclusions: As the re-arrangement of tsunami induced bathymetric change due to wind wave effect is 
compatible with measured data and as the correlation coefficient is increased when the wind wave is 
considered, it can be concluded that Takahashi et al. (2000) tsunami sediment transport model is successfully 
verified for the field scale application in this dissertation. Nearshore area is almost recovered the pre tsunami 
condition one year after the tsunami event. Furthermore, the along shore sediment transport in this area is 
higher than the cross shore sediment transport in this area and seaward side shown quick recovery than the 
land ward side as seaward 
side is directly subjected to 
wind wave effect. Bathymetry 
recovery is depending on the 
direct influence of the wind 
wave as well as the tsunami 
impact on the bathymetry and 
human intervention made 
significant impact on rate of 
bathymetry recovery. 
